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TITLE: 
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DESCRIPTION 



The present invention relates generally to a sailing 

specifically to a sailing vessel 



vessel, and 



more 



15 comprising a novel keel . 

Fin keels (e.g. comprising a single fin supporting a 



ballast bulb) are well 
providing 
vessels , 



known in the art as a means* of 
lateral stability to conventional sailing 
However, there are a number of problems 



2 0 associated with fin keels. For example fin keels are 
structurally vulnerable Jo impacts and dynamic loads, with 



flsxure of a fin keel 



having the potential to cause 



substantial damage thereto, particularly if cyclically 
applied loads (e.g. due fo waves) are close to the natural 

Furthermore , efficient fin keels 
to ensure an adequate lifting 



2 5 frequency of the keel - 
require a deep draught 



efficiency. High aspect ratio fins s^fer from a low 



stalling angle which can 



lead to control problems in rough 
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conditions, and in the woifst bases can lead to regular loss 

of control of a vessel- In contrast, shorter (i.e. shallow 

j ■ i 

draught) keels may be strong, but deliver poor upwind 



performance due to increas 
S A common solution tio 

keels is to use a twin 
shallow-draught fin keels 



provide a small amount of 



10 is healed, the leeward keei 



orientation, the weather 



ed 



vortex drag. 

the problems relating to fin 
keel arrangement in which two, 
ax 4 used instead one deep draft 



■ ■ 

keel. Generally, the fc^ 0 fc eels are splayed outwards to 



"toe in" such that when a vessel 



become s more upright and is 



angled to best resist leeway. However, once in this 

keel acts to increase heel, and 



i 



both keels will produce substantial vortex drag. Although 

* i. pcs Sib i e to ae SiS n ]. 4a. .or . W ™— « 



15 such that the weather keel 



increased heel, this is 



performance 



Furthermo re g 



[j generates reduced force with 



generally at the cost of hull 



il 



| when sailing upright (e.g. 



downwind) , both keels produce a counter rotating vortex 



pair which also carries a 
2 0 Ac cording! y , the 



In accordance with 
25 provided a sailing vess 



signification drag penalty. 

applicants have identified 

the need for a sailing vessel! having an improved keel which 

• 

overcomes, or at least alleviates, the problems associated 

ii 

with convent ional keel ar ranc ement s - 

ii 

tKe present invention there is 



depending from a respective 



c ompr i s ing a hul 1 me ans and a 



keel comprising a member depending from the hull means, 

j! 

characterised in that the member comprises two limbs each 



lateral side of the hull means, 
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the two link* defining ai list in part an enclosed flow 

the keel in a bow to stern 
fllw path being configured for 



path extending through 
direction, the enclosed 
allowing water incident on 



5 when sailing the sailing -wess 



In this way, a keel 



tihe Keel to flow therethrough 



1. 



f 

with an enclosed flow path (or 



"loop keel" defining a "iooi>) is provided which P when in 



use, may result in a cloakd loop of hydrodynamic force, all 



directed away from the o 



nt 

the enclosed closed flow 
anklpgaus to a vortex ring in a 
an overall lateral force is 
locjb keel, should not result in 
shed by the loop keel, The 



10 path. This situation is 

continuous flow and, unless 
being generated on the 
substantial vorfcicity being 
hull means may be a monohiall 
The two limbs of 



loop keel may be connected 
together direct or, for kxaifrple, via a ballast bulb. The 

limbs of the looped kee:, mfmber may have a cross- section 

i 
i 

similar to a conventional fin keel. 

The two limbs may Wsach comprise a substantially 



20 straight portion. For exa 



le, the member may comprise a 



straigriL poiujLuu. — , 

pair of substantially straight limbs connected together to 

- - * ■« — --j-L-J f rora the bow or stem of the 



form a V-shape (when viewed 



sailing vessel) with a pirtiLn of the hull means completing 
the loop to form the enclosed flow path. The limbs may be 



25 angled so as to generat 

around the loop . 



e a! continuous outward force all 



The two limbs may be symmetrically disposed on either 
side of a central, longitudinal axis of the null means. 
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may be directed (e.g. cun 
where they depend from tl 



• 



4 



I! 

The loop keel may be similarly symmetrical. 

For improved hydrody namilc performance, the two limbs 



5 two limbB may be substantially perpendicular to tlie bull 

i ] 

means at the point where ihesfl meet the hull means, with the 

[i 

objective of minimising interference drag between the loop 
keel and the hull means. 



keel 



horizontal element disposed 



ed)' inwards toward the hull meanp 
fiull means. For example , the 



i! 



cotnprise 



a ballagt portion. For 
cqmprise a ballast bulb disposed 
(e.g- at the apex of a V- 



ii 



The keel may further 
10 example, the loop keel may 
at a lowest part of the 
shaped loop keel) - Alternatively, or in addition, the loop 
keel may further comprise a substantially planar, 



15 keel member, and containing ballast. The substantially 
planar surface may be configured to support the sailing 

vessel when grounded, e.<j. iietween tides. At the base of 

j! 

the loop keel, 'the two limbdilmay be angled {e.g. curved) to 

smoothly meet the ballast 
2 0 The limbs of the loiDpe(ij keel member may have a cross - 

section similar to a conventional fin keel. 

i 



An embodiments of the 



25 



described by way of 
accompanying drawings in 
Figure 1 shows a 



underside of a sailing 
invention; 

Figure 2 shows a 



at a lowest part of the loop 



i 



* ■ 

buljb. 
I 11 



•present invention will now be 



example with reference to the 
which: 

il 

schematic perspective view of an 



ii 



j/essel embodying the present 



fdrce diagram representing the 



• ' - . ■ 1 - r - 1 -1 ■> ■■ <? '■ - s- -IP.. ... 1 T «, ; ■■ - 1- ■ 
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thlm loop keel of tba sailing 



■ 

the sailing vessel of Figure 

i 
i 

Figure 5 shows tt.e 



j schematic front/rear view of 

I 

•1 ; 



vessel shown in Figure 1; 

Figure 3 shows a split 
the sailing vessel of Figure? 
5 Figure 4A shows a schistic side view of the sailing 

vessel o£ Figure 1? 

Figure 4B shows a schematic plan view of one half of 



10 compared with a convent iona 
heeling position? and 

Figure 6 shows a 
sailing vessel of Figure 



sailing vessel of Figure 



15 



» -L / 



1 1 



sailing vessel of Figure 1 
keel sailing vessel in a 



edieraatic; representation of the 
and the convention single heel 



5 in a cross- flow. 



Figures 1, 3, 4A 4nd 
compr i s ing a hull 20 and, 
comprising a substantially 



attached to the hull 20 



I 

ati 



4B show a sailing vessel 10 
loop keel 3 0 , the loop keel 30 
V- shaped looped keel membfir 34 
;itv?o laterally spaced locations 

I: 



38,39, The looped kee]L member 34 comprises a pair of 

substantially straight fin- like 



20 limbs 44 f each having 



portions 45 which are stt'a^hed at one end to a central 



ballast bulb 42 , and 
attach the loop keel to 
spaced locations 38,39 
25 combination with the hull 



i li 



curved, upper portions 46 which 
the hull 2 0 at the two laterally 
The pair of limbs 44 in 
20, farm an enclosed flow path 



I !• 

(a "loop" or aperture) 40 thorough which water may pass. 

The surfaces of the loop keel 30 are angled so as to 



generate a continuous outwkrds force all around the loop 



« 

•1 
1 1 
11 

■ I 
. t 
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Bj Oil 



{this is directly equivalent to a vortex ring in a 
continuous flow) . Figure!' 2 shows schematically the 

it 

equivalent vortex ring produced by the loop keel 30 when 
zero overall lateral forck iss applied thereto. 



10 of the dynamic forces shown 



" forces acting on the sailing 



vessel 10 in a heeled position as compared with the forces 

'i 

acting on a conventional sailing vessel 50 comprising a 

I 

fin keel 52. Whereas e-lL tlj.e dynamic forces shown acting 
on the fin keel 52 act ten increase the heeling" moment , all 



ikcting on the loop keel 30 act 



ii 



to reduce the heeling moijient'L The ballast effect for both 

keels is similar. 

Fi3 ur e 6 shows the optional fin kSe l 52 and ths 
loop Keel 3 0 in a cross* flow. With a conventional fin 
15 keel, any cross-flow rssults in a sudden increase in 

ii 

incidence. in contrast, crrpss-flow results in flow along 
the limbs 44. When canile^ with fore and aft flow, this 



acts to reduce the local 



provides improved stall resistance. 



20 



The advantages of 



explained as follows. When ! | the rig of the sailing vessel 

1 to both load the loop keel 

lload and to generate a heeling 

i 



is loaded, the effect 
laterally to resist the 
moment to leeward- The 



is 
trig 



^incidence change*, and thereby 



tlie present invention may be 



sff set of this on the loop keel is 



i; 



25 to cause the weather link of the loop keel to become more 
upright and also, depending on the particular design, to 
brsak the water surface 

vortex ring of the unloaded keel.. As this limb is angled 



and thus di sturb the equivalent 
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to generate force away fxjom jthe centre of the loop, it is 
ideally placed to generate |n efficient leeway resisting 
force, this force is also generated without requiring the 
hull to crab as with a conventional fixed fin and this can 
5 he used to reduce the heelfd hull drag. It also has a 



further advantage over a 
the other limb of the 
provides surface continui 



1 

f irj; keel in this condition, since 
kefel (the leeward limb) still 



by and acts in the pame manner as 
an aircraft winglet increasing the effective aspect ratio 
10 of the keel and thus reducing the vortex drag. The leeward 
limb generates a force both ilownward and to a lesser degree 

to leeward. The hull, due tf the heeling angle, also moves 

■ • 

the centre of buoyancy to leeward (form stability) and the 
force from the leeward keel 
15 of buoyancy to weather, ki£ results in a dynamic righting 

1 1 



jaimb is offset from the centre 



moment- The overall rei 



ultijj is that a loop keel equipped 
yacht should sail to win&wa]jd with less drag and less heel 
than a similar yacht equipped with a fin keel, 

•*et a further advantage! of the loop keel is that the 

tl 



20 limbs of the keel will 



always offer some element of the 



working keel surface to -he 
which will tend to cause) a 
the effect of increasing 



will thus generate lift 



i; 

keel is also of a naturalQjy 
form and is very unlikely- 
induced dynamic overloads \ 



h 

! water flow at a lateral angler 

j 

deciree of cross flow which has 
resistance to stalling- The keel 



tqii high angles of attack and be 



25 highly resistant to at all din rough conditions. The loop 



sturdy and stiff structural 
to suffer from elastically 



i 

i 



* 
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with a fin keel and a 
draught, the loop keeled 



■ i 



If two otherwise siinjilax sailing vessels are equipped 

competing loop keel of similar 



ve g 3 el will sail downwind with a 



similar performance to the f;±n-keeled vessel , However, as 
5 soon as the course is such ;as to place a lateral load on 

• 

the keel, the loop keeled vessel will said faster, with 
less heel and thus a correspondingly more efficient rig. 



and will toe mare control laKly in extreme 

■ • 



15 



j- 



it 



! 

will also be significantly stronger. If the performance of 
10 the two vessels is matched!; the loop keeled vessel will 
have a lower draught than!,' the fin keeled vessel; this 
reduction in draught is likely to foe of the order of 20% to 
30%, 



1 1 



i i 
■ t 



•i 
i 



i; 

II- 
* 

i ■ 



i « 

i 



i . 
i i 



I 



! . 

i: 
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DESCRIPTION 



The present invention relates generally to a sailing 
vessel, and more speJif ically to a sailing vessel 

IS comprising a novel keel . 

Pin keels (e.g. comprising a single fin supporting 



ballast bulb) axe well 



known in the art as a means of 



providing lateral stafc 



ility to conventional sailing 



vessels, However, there are a number of problems 

20 associated with fin keels. For example, fin keels are 
structurally vulnerable lo impacts and dynamic loads, with 

having the potential to cause 



flexure of a fin keel 

substantial damage theJeto, particularly if cyclically 
applied loads (e.g. due waves) are close to the natural 
25 freciuency of "tha keel. Furthermore,, efficient fin keels 
require a deep draught to ensure an adequate lifting 
efficiency. High aspect ratio fins suffer from a low 



stalling angle which can 



lead to control problems in rough 
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conditions, and in the woiist pases can lead to regular loss 
of control of a vessel. In contrast, shorter (i.e. shallow 

I n 

draught) keels may be strong, but deliver poor upwind 



performance due to increas 
S A common solution tio 

keels is to use a twin 
shallow-draught fin keels 



provide a small amount of 



10 is healed, the leeward keel; 



ed vortex drag. 

the problems relating to fin 
.1 

keel arrangement in tfhich two, 
are used instead one deep draft 



keel. Generally, the fcuro fceels are splayed outwards to 



"toe in" such that when & vessel 



becomes more upright and is 



angled to best resist Leeway, However, once in this 
orientation! the weather keel acts to increase heel,, and 

! 

both keels will produce substantial vortex drag. Although 

hi 

it is possible to design a hull for a twin keel arrangement 



15 such that the weather keel 



increased heel, this is 



performance . 



Furthermo re, 



generates reduced force with 



generally at the cost of hull 



when sailing upright (e.g. 



downwind) , both keels produce a counter rotating vortex 



pair which also carries a 



20 



Accordingly* the present applicants have identified 



the need for a sailing vdsse 



overcomes, or at least a 



with conventional keel arrangements- 



In accordance with 
25 provided a sailing vess 



I * i 

signification drag penalty. 



having an improved keel which 



LlevriateS/ the problems associated 



the present invention there is 



comprising a hull means and a 
keel comprising a member depending from the hull means, 
characterised in that tfcje member comprises two limbs each 
depending from a respective lateral side of the hull means, 



'I 
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path extending through 
direction, the enclosed 
allowing water incident 



Si 008 



the two Unite defining a£ ifiut in part an enclosed flow 



the 



©n t 



use, may result in a clos 



keel in a bow to stem 



flow path being configured for 
he kee 1 to f low therethrough 
el » 



i 



5 when sailing the sailing ves 

In this way, a keel with an enclosed flow path (or 
"loop keel" defining a "loodi 11 ) is provided which f when in 



Ti 

d loop of hydrodynami c force, all 

ii 



directed away from the cfentrb o£ the enclosed closed flow 

1 1 1 

i i ■ 



i rl 

10 path. This situation is analogous to a vortex ring in a 



continuous flow and, unless! 



being generated on the 



substantial vorticity being 

I 

hull means may be a monoMill 1; 



an overall lateral force is 



looi> keel, should not result in 



ilshed by the loop keel. The 



15 The two limbs of 

together direct or, for 
limbs of the looped keel 
similar to a conventional 
The two limbs roaj 



the 



loop keel may be connected 
axarirple, via a ballast bulb. The 

I: 

mdmber may have a cross- section 
fin keel - 

eiach comprise a substantially 



20 straight portion* For dxamble, the member may comprise a 
pair of substantially sttaigbt limbs connected together to 



form a V-shape (when vie wee) from the bow or stern of the 
sailing vessel) with a pdrtabn of the hull means completing 
the loop to form the enclosed flow path. The limbs may be 



25 angled so as to generate a continuous outward force all 



around the loop. 

The two limbs may be Symmetrically disposed on either 

i • 

side of a central, longitudinal axis of the hull means . 



» j 

i 
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may be directed (e.g. curs 



0009 




Hie loop kesl may be similfarl^ symmetrical- 

j 

Fox improved hydrody namilc performance, the two limbs 



ed) 



at a lowest part of the 



inwards toward the hull meant* 
hull means. For example , the 



where they depend from t3ie 
5 two limbs may be substantially perpendicular to the hull 
means at the point where Uhe^j meet the hull means, with the 



objective of minimising ijctejirference drag between the loop 
keel and the hull means. 

The keel may further cotnprise a ballast portion. For 

j| 

10 example, the loop keel may comprise a ballast bulb disposed 



n 



keel (e.g. at the 



of a V- 



shaped loop keel) . Alt expat lively, or in. addition, the loop 
keel may further comprise a substantially planar, 



horizontal element disposed 



smoothly meet the ballast 



20 



Mat a lowest part of the loop 



15 keel member, and containing! ballast. The substantially 

i! 

planar surface may be configured to support the sailing 

vessel when grounded, e.g. Idetween tides. At the base of 

j! 

the loop keel,* the two liiribd[' ma y be angled (e.g. curved) to 



bu 



;« 

lib. 



The limbs of the loopedj keel member may have a cross 



section similar to a conventional fin keel. 



An embodiments of ihe 



25 



described by way of 
accompanying drawings in 

Figure 1 shows a 
underside of a sailin 
invention; 

Figure 2 shows a 



Li 



present invention will now be 



exsnnple with reference to the 
whiich: 

ji 

schematic perspective view of an 



r 



essel embodying the present 



fqrce diagram representing the 



I! 
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vortex ring produced by 
vessel shown in Figure 1 ; 

Figure 3 shows a splij: 
the sailing vessel of F±ghx4 



j I 

fche loop keel of the sailing 



! schematic front/rear view of 

( 

•1; 



5 Figure 4A shows a sah^matic side view of the sailing 

vessel o£ Figure 1? 

Figure 4B shows a schematic plan view of one half of 



the sailing vessel of Figure 



Figure 5 shows tt,e 



L 



M; 



sailing vessel of Figure 1 



10 compared with a conventional} fin keel sailing vessel in a 
heeling position; and 



Figure 6 shows a 
sailing vessel of Figure 
sailing vessel of Figure 



! 



schematic, representation of the 



15 



and the convention single heel 



5 ih a cross-flow. 



Figures 1 , 3 , 4 A And 
comprising a hull 20 and aj 
comprising a substantially 
attached to the hull 20 ati 



r 



;4B show a sailing vessel 10 
i 

loop keel 30 r the loop keel 30 

y-shap^d looped keel TOemb&r 34 

jtwo laterally spaced locations 

»i 
•» 

38,35, The looped keel member 34 comprises a pair of 

i > ! 



20 limbs 44 e each having 



! 



substantially straight fin-like 



I 



portions 45 which are e.ttfe.ched at one end to a central 

If; 

ballast bulb 42 x and suirvfed, upper portions 46 which 

! ;; 

the hull 2 0 at the two laterally 
The pair of limbs 44 in 



a 1 1 ach the 1 oop keel to 
spaced locations 3 a , 39 



I 



25 COttibination with the hull J 20 , form an enclosed flow path 



I, 



(a "loop" or aperture) 40 through which water may pass. 

The surfaces o£ the loop keel 30 are angled so as to 
generate a continuous outwards force all around the loop 



■ 

■ 

•i 

M 
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(this is directly equivaxe'nt to a vortex ring ixx a 

li mi. 
continuous flow) . Figure!: 2 shows schematically the 

ii 

equivalent vortex ring produced, by the loop keel 3 0 when 
aero overall lateral fores is applied thereto. 

I' forces acting on the sailing 
vessel 10 in a healed position as compared with the forces 
acting on a conventional sailing vessel 5 0 comprising a 



Figure 5 shows various 



fin keel 52. Whereas all tlj.e dynamic forces shown acting 
on the fin keel 52 act to increase the heeling moment, all 

10 of the dynamic forces shown lacting on the loop keel 30 act 

.{ 

to reduce the heeling motifient'L The ballast effect for both 
keels A ja similar. 

conventional fin keel 52 and the 



Figure 6 shows the 



incidence 



in contrast , 



■i 



loop keel 3 0 in a cros^ flow. With a conventional fin 

15 keel, any cross -flow results in a sudden increase in 

l. 

czross-flaw results in flow along 



the limbs 44- "When cou^lea with fore and aft flow, this 



acts to reduce the local 



provides improved stall res:iiktance. 



incidence change, and thereby 



20 



The advantages of 



explained as follows. when | the rig of the sailing vessel 



is loaded, the effect 



laterally to resist the rig 



moment to leeward 



The 



tlie present invention may be 



is 



to both load the loop keel 
jjload and to generate a heeling 



effect of this on the loop keel is 



25 to cause the weather limb qf the loop keel to become more 

upright and also, depending on the particular design, to 

[' 

break the water surface and thus disturb the equivalent 
vortex ring of the unloaded keel. As this limb is angled 
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to generate force away from 
ideally placed to generate 



012 



ii 



it lie centre of the loop, it is 

i; 

an efficient leeway resisting 



force, this force is alst generated without requiring the 



hull to crab as with a conventional fixed fin and this can 
5 be used to reduce the hsel^d hull drag. It also has a 

f ir ; keel in this condition, since 
keiel {the leeward limb) still 



further advantage over a 
the other 1 itpb of the 



provides surface continuity 



an aircraft winglet increasing the effective aspect ratio 



nd acts in the pamfe manner as 



u 



10 of the keel and thus reducing the vortex drag. The leeward 

limb generates a force both downward and to a lesser degree 

ij 

to leeward. The hull, due t ] p the heeling angle* also moves 

;j 

the centre of buoyancy tJ> leeward (form stability) and the 
force from the leeward keel hlimb is offset from the centre 
IS of buoyancy to weather, this, results in a dynamic righting 



moment. The overall re 



ii 

Jultil i 



yacht should sail to windwa 



than a similar yacht equipped with a fin keel. 



ltjj is that a loop keel equipped 



rd with less drag and less heel 



2 0 limbs of the keel will 



working keel surface to ihe 



Yet a further advantages of the loop keel is that the 

jj 

always offer some element of the 

,j 

i water flow at a lateral angle, 



which will tend to cause 
the effect of increasing 
will thus generate lift 
2S highly resistant to stal.l 



degree of cross flow which has 

JJ 

resistance to stalling. The keel 



tojj high angles of attack and be 



fin rough conditions. The loop 

|: 

keel is also of a nafcuralfljy sturdy and stiff structural 

i» 

form and is very unlikely to suffer from elastically 
induced dynamic over loads . 

i 
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with a fin keel and a 
draught,, the loop keeled 



5 soon aa the course is such 
the keel, the loop keeled 



i: 



1 i 

i|8 



M 
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If two otherwise similar sailing vessels are equipped 



i . 



competing loop keel of similar 



i • 

{ 1 



vessel will 



downwind with a 



similar performance to the f;in-keeled vessel , However, as 



Sas to place a lateral load on 

* 

vessel will said faster, with 



i. 



less heel and thus a correspondingly more efficient rig r 
and will be mare control latCLy in extreme conditions. It 



10 the two vessels is mate! 



will also be signif icantly stronger. If the performance of 

Led; the loop keeled vessel will 



have a lower draught ttfian!/ the fin keeled vessel; this 
reduction in draught is l[ikely to be of the order- of 20% to 
30%, 



15 



1 1 

!: 



i 
t 

i . 



I I 

•i 

i 

? 

• < 

i 

il 



i; 

Si' 

1 1 
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■ 
i 
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